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(Kelleher et al., 2000). Likewise, myosin VI mutant miceConverting a Motor to an Anchor
have inner ear defects that suggest a role in anchoring
membrane to actin (Self et al., 1999). These phenotypes
suggest that in these cell types, the main function of
myosin VI may be to bind tightly to actin, stabilizingMyosin VI can move along actin filaments to serve as
actin cytoskeletal structures and linking actin structuresa transport motor. It is also thought to anchor vesicles
to membranes and protein complexes. If so, then beingor proteins to actin. How these two diverse activities,
able to bind actin for long periods of time without movingwhich require very different modes of interaction with
or detaching could be critical. The work of Altman et al.actin, are mediated is not understood. Using single
now provides a glimpse of how this might be achievedmolecule observations, Altman et al. (2004 [this issue
in vivo.of Cell]) demonstrate that load applied to myosin VI
The observations document the behavior of individualcan convert this motor from a transporter to an anchor.
myosin VI molecules under different tensions and condi-
tions. To make these observations, the authors rely onMyosin VI is a member of a large family of actin-based
a sophisticated double optical laser trap. The opticalmotor proteins. These motors translocate along actin
traps are used to hold beads attached to each endfilaments by undergoing a cycle of conformational
of an actin filament. The filament is brought in closechanges coupled to ATP hydrolysis. Myosin VI and other
proximity to a surface with a single myosin VI moleculetypes of myosins that differ in predicted structure from
attached and steps are observed as the displacementthe more well-known muscle myosins are called uncon-
of one bead out of the center of the trap. An automaticventional myosins. Myosin VI is an unusual motor be-
feedback system moves the trap to keep constant forcecause it moves along actin predominantly toward the
on the bead as the myosin steps along the filament. Thepointed (minus) or slow growing end (Wells et al., 1999)
length of each step and the dwell time during intervalsin the opposite direction from other myosins. Myosin VI
between steps is measured by observing the movementmoves processively, taking multiple steps along actin
of the feedback-controlled trap. Using this setup, thebefore detaching (Rock et al., 2001). This property is
backward force on the actin filament can be varied, andthought to be important for transport of cargo. Myosin
the effect on stepping can be assessed. The authorsVI function is required for very diverse processes, some
make observations at a range of ATP and ADP concen-that are thought to involve transport along actin and
trations and under a variety of load conditions. Fromothers that apparently require anchoring to actin. These
the observed changes in dwell time, they calculate thetwo functions would seem to require quite different
rate constants for several steps of the catalytic cycle.types of actin interaction. In this issue of Cell, Altman
At saturating ATP, myosin VI stepping is not affectedet al. (2004) use single molecule observations of myosin
until it stalls at a force of 2 pNewtons. The mean dwellVI stepping along actin to reveal some novel properties
time increases sharply at this force, but is still shortof myosin VI. These types of observations are very pow-
(less than 1 s). Stepping slows under tension at lowerful because they reveal features that cannot be re-
concentrations of ATP (100 M), but again, mean dwell
solved by bulk studies. Most strikingly, myosin VI re-
times are still relatively short. However, with physiologi-
sponds to backward force (load) by stalling in a state
cal concentrations of ADP (100 M) and ATP (1.5 mM),
that is tightly bound to actin. The ability to bind tightly myosin VI stalls at very low force with dwell times of
to actin under load might explain some of the myosin many seconds (the example shown is 11 s). Stalling
VI mutant phenotypes that until now have been difficult occurs immediately upon pulling on the trap, without
to comprehend. engaging the feedback system. The authors suggest
Based on studies of endocytosis in cultured cells, that myosin VI takes a single step and the force gener-
myosin VI is thought to be a vesicle transporter (Buss ated, calculated to be about 0.3 pNewtons, is sufficient
et al., 2001; Aschenbrenner et al., 2003). Myosin VI colo- to cause the molecule to stall. The lower limit of force
calizes with endocytic vesicles, and expression of a required to stall myosin VI under these conditions could
fragment that blocks endogenous myosin VI association not be determined. The length of dwell is surprisingly
with these vesicles results in defects in endocytic uptake long and suggests that myosin VI might bind tightly
of transferrin, an endocytosed iron transport protein. to actin filaments when the tail is attached to other
Myosin VI mutant phenotypes in worms, flies, and structures that provide some resistance in cells. This
mice are not readily explained by a role in transport of behavior would explain how myosin VI can anchor cellu-
cargoes along actin. In flies, myosin VI is important for lar components to actin.
the asymmetric localization of proteins involved in actin To explain the tight binding observed under load, the
assembly during the individualization step of spermato- authors examine the changes in rates of the steps in
genesis (Rogat and Miller, 2002). Stabilization of protein the ATP catalytic cycle. The ATP bound state of the
complexes and/or actin structures they bind to is the myosin head is the unattached state. The head hydro-
most likely explanation for myosin VI’s role. Similarly, lyzes ATP to ADP and Pi, both of which remain bound.
in fly neuroblasts, a role for myosin VI in asymmetric This changes the conformation of the head and allows
localization has been hypothesized (Petritsch et al., it to bind to actin. After binding, Pi is released, the con-
2003). In worms, myosin VI is suggested to create a formation changes, and the myosin head remains tightly
barrier, possibly through tight binding to actin, so that bound until release of ADP and ATP rebinding, which
asymmetrically positioned components cannot move releases the head. The conformational change of the
head in the tightly bound state leads to a change in thefrom one region to another during budding of spermatids
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relative position of the myosin and actin that is important rectly rules out irreversible DNA rearrangements as a
mechanism for odorant receptor gene choice.for translocation. For myosin VI without load, the rate
of ADP release from the head is rate limiting, so the
head remains tightly bound for a large fraction of the In Woody Allen’s futuristic comedy Sleeper, Miles Mon-
catalytic cycle (but still steps). When force is applied, roe awakens after 200 years of cryogenic suspension
the association rate for ADP increases and for ATP de- to a strange new world caught in locked conflict between
creases, permitting ADP to compete with ATP for a forces of good (the rebel underground) and evil (the
tightly bound, nucleotide-free head. This effectively pro- thought-controlling government). The protagonist joins
longs the tightly bound state because ATP binding, and the underground movement and is unwittingly enlisted
therefore head release, becomes rate limiting. By bind- to foil the cloning—and resurrection—of the disembod-
ing to different components in the cell, myosin could be ied government leader from his only surviving body part:
either a transporter (low load) or anchor (high load). the leader’s nose. In addition to providing a vehicle for
To determine the significance of these observations Allen’s satiric commentary on 1970’s American culture,
for myosin VI function in vivo, further investigation of Sleeper was also scientifically prescient. Now, 30 years
the types of structures with which myosin VI associates later, a new study describes the cloning of mice from
in vivo and the forces acting during the processes in mature olfactory sensory neurons (Eggan et al., 2004).
which it participates is necessary. But even without Beyond this curious juxtaposition of art and science, the
knowing this information, the power of these observa- present study addresses two fundamental and related
tions to reveal properties relevant to in vivo function issues in developmental neuroscience: the generation
cannot be overstated. of cellular diversity in the central nervous system and
the regulation of odorant receptor gene expression.
It has been postulated that the enormous diversity ofKathryn G. Miller
cell types in the mammalian nervous system could beDepartment of Biology, CB 1229
generated through DNA rearrangements (e.g., Chun andWashington University
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logical needs: to genetically specify a diverse array ofSelected Reading
cell types and to ensure that such decisions are stably
maintained throughout the ensuing cell lineages. Al-Altman, D. Sweeney, H.L., and Spudich, J. (2004). Cell 116, this
issue, 737–749. though DNA recombination has been implicated in the
central nervous system, evidence for this hypothesisAschenbrenner, L., Lee, T., and Hasson, T. (2003). Mol. Biol. Cell
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J. (2001). EMBO J. 20, 3676–3684. from the cerebral cortex have been interpreted to sup-
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Barstead, R., and Titus, M.A. (2000). Curr. Biol. 10, 1489–1496. DNA rearrangements in neurons preclude totipotency
Petritsch, C., Tavosanis, G., Turck, C.W., Jan, L.Y., and Jan, Y.N. from such cells (Yamazaki et al., 2001). By way of con-
(2003). Dev. Cell 4, 273–281. trast, the report from Eggan et al. (2004) demonstrates
Rock, R.S., Rice, S.E., Wells, A.L., Purcell, T.J., Spudich, J.A., and totipotency of cells derived from oocytes injected with
Sweeney, H.L. (2001). Proc. Natl. Acad. Sci. USA 98, 13655–13659. nuclei from mature olfactory sensory neurons. Nuclei
Rogat, A.D., and Miller, K.G. (2002). J. Cell Sci. 115, 4855–4865. were isolated either from cells expressing a GFP trans-
Self, T., Sobe, T., Copeland, N.G., Jenkins, N.A., Avraham, K.B., and gene specific for mature, postmitotic olfactory sensory
Steel, K.P. (1999). Dev. Biol. 214, 331–341. neurons, or from mature cells expressing a knockin allele
Wells, A.L., Lin, A.W., Chen, L.Q., Safer, D., Cain, S.M., Hasson, T., in which the P2 odorant receptor coding sequence was
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ing sequence—internal ribosome entry site (IRES)—GFP
marker (P2 – IRES – GFP). In both cases, fertile mouse
clones were generated by transfer of these nuclei into
enucleated oocytes. These results suggest that if any
irreversible changes in DNA do occur somatically, theyScience Imitates Art:
do not prevent nuclei from olfactory sensory neuronsThe Cloning of Mice from from being reprogrammed to a state of totipotency.
Olfactory Sensory Neurons Whether these results can be generalized to other post-
mitotic neurons—e.g., in the cerebral cortex—remains
to be determined.
Regarding the question of odorant receptor gene
choice, each olfactory sensory neuron in the nose isThe functional identity of an olfactory sensory neuron
is defined by its expression of one odorant receptor thought to express just one allele of one odorant recep-
tor gene from a repertoire of over a thousand genesfrom a large multigene family. The complexity of this
process has led to speculation that DNA rearrange- (Chess et al., 1994). The “one receptor, one neuron”
rule underlies the functional specificity of the olfactoryments are used to limit the expression of one receptor
gene per cell. However, a recent report in Nature di- sensory neuron by determining the cell’s response prop-
